ence of Sarcocystis cysts. For this purpose, 28 oat-size pieces (ca 1 g) of muscles were cut-off, stained with water (1 : 500) methylene blue solution, clarified with 1.5% acetic acid solution and pressed in a glass compressor. infection intensity was determined by counting sarcocysts in 28 sections of the muscles examined.
Light microscopy
the sarcocyst size and shape, structure of cyst walls and morphometric parameters of cystozoites were evaluated using the computerized image analysis system infinity 3. the morphometric analysis of cysts and cystozoites was performed in fresh preparations after the cysts had been isolated from muscle fibres with two preparation needles.
Transmission electron microscopy (TEM)
For tEM a small piece of muscles containing one mature cyst of Sarcocystis was fixed in Karnovsky's fixative, postfixed in 1% osmium tetroxide, dehydrated and embedded in Epon. Ultrathin sections were stained with 2% uranyl acetate and lead citrate and examined under the JEol JEM-100B tEM.
Molecular analysis
genomic DNA was extracted from a few mature sarcocysts, which were isolated from one black-backed gull using the Nucleospin tissue kit (Macherey-Nagel, Düren, germany). Partial 28s rrNA gene sequence containing D2 and D3 domains, fulllength 18s rrNA gene and its-1 region were amplified using seven primer pairs Kl-P1F\Kl-P1r, Kl-P2F\Kl-P2r, sarAF\ sarAr, sarBF\sarBr, sarcF\sarcr, sarDF\sarDr, P-itsF\P-itsr (Kutkienė et al. 2010) .
Pcrs were performed in the final 25 µl volume consisting of 1 × Pcr buffer (with 50 mM Kcl), 0.2 mM dNtP, 0.2 μM of each primer, 2.5 mM Mgcl 2 , 1 U taq DNA polymerase (MBi Fermentas, Vilnius, lithuania) and 0.04 μg template DNA. Amplification reactions were carried out with initial denaturing step at 95 °c for 5 min, 5 cycles at 94 °c for 45 s, at 64 °c for 60 s, at 72 °c for 70 s, followed by 30 cycles at 94 °c for 45 s, at 58 °c for 60 s, at 72 °c for 70 s and ended with the final extension at 72 °c for 10 min. the Pcr products were visualized using 1.7% agarose gel electrophoresis and purified with the help of exonu- (554) cleases Exoi and FastAP. Pcr products were sequenced with 3130xl genetic Analyzer using the same forward and reverse primers as for Pcr. the pairwise distances between sequences were calculated with MEgA5 (tamura et al. 2011) . Analyses were conducted using the maximum composite likelihood model and all positions containing gaps were eliminated (tamura et al. 2004 ). sequences were aligned using the MUsclE algorithm (Edgar 2004) . the beginning and the end of some sequences were truncated to have all sequences beginning and ending in the same nucleotide positions. the final alignment based on concatenated partial the 18s rrNA and the 28s rrNA gene sequences contained 28 taxa and 2 394 nucleotide positions, from which 1 764 belonged to 18s rrNA gene and 630 belonged to 28s rrNA gene. in addition, 20 taxa and 1 162 nucleotide positions made alignment of its-1 sequences.
taxon names and genBank accession numbers of all sequences included in the phylogenetic analysis are presented in table 1. Sarcosystis tarandi gjerde, 1984 and Besnoitia besnoiti Marotel, 1912 were set as outgroups of its-1 phylogenetic tree and 18s rrNA/28s rrNA genes phylogenetic tree, respectively. Phylogenetic relationships were assessed using Bayesian inference with the MrBayes program, version 3.1.2 (ronquist and Huelsenbeck 2003) . the most complex evolutionary model available, i.e. gtr + i + g model, was chosen for the phylogenetic analysis.
REsULTs
Sarcocystis lari sp. n. Fig. 1 Morphological description (measurements are provided in micrometers unless otherwise stated). sarcocysts ribbon-shaped, long (largest fragment 6 mm in length), relatively narrow (up to 75). Under light microscope, cyst wall reached up to 1 in thickness, appearing smooth (Fig. 1A) . Using computerized image analysis system, knolls resembling protrusions clearly visible on wall surface (Fig. 1c) . lancet-shaped cystozoites 6.9 × 1.4 (6.3-7.9 × 1.2-1.5) in size (n = 10) (Fig. 1B) . Under transmission electron microscope (tEM), cyst wall wavy, measuring up to 1.2 in thickness (Fig. 1D) . Waves of different height; in some places cyst wall seemingly almost smooth. Parasitophorous vacuolar membrane with regularly arranged small invaginations (Fig. 1E ). cyst content divided into large chambers by septa. cyst wall of type-1 (see Dubey et al. 1989 
for terminology).
Sarcocystis cysts were detected in one of two great black-backed gulls examined. sixteen and 39 sarcocysts were found in 28 sections of neck and leg muscles, respectively. All cysts were mature. only one morphological type of sarcocysts was found and proposed as a new Sarcocystis species. inside the phylogenetic tree of the concatenated sequences of 18s rrNA and 28s rrNA genes, several well-supported clades could be distinguished (Fig. 2) . Sarcocystis gallotiae Matuschka et Mehlhorn, 1984 and S. lacertae Babudieri, 1932 , characterized by a life cycle with reptiles serving both as intermediate and definitive hosts, composed clade A. Sarcocystis species forming sarcocysts in even-toed ungulates were united into group B, which was divided into two subgroups that included Sarcocystis species transmitted through canines or felines.
other Sarcocystis species, whose intermediate hosts were rodents, were placed into c and E clades, whereas Sarcocystis sp. from the ryukyu long-tailed giant rat, Diplothrix legata (thomas), was placed separately. Definitive hosts of Sarcocystis species from the group c were reptiles and definitive hosts of the group E species were felids. likewise, Sarcocystis species forming sarcocysts in birds were divided into clade D and F. Predatory birds are definitive hosts of the Sarcocystis species of the group D and predatory mammals of species of the group F. Sarcocystis neurona, which is typical by parasitism in taxonomically distant intermediate hosts, formed a separate branch in the phylogram.
Sarcocystis lari was grouped together with Sarcocystis species from birds, Sarcocystis sp. from the common shrew, Sorex araneus (linnaeus), and members of the genus Frenkelia Biocca, 1968 in the 18s rrNA/28s rrNA genes phylogenetic tree. on the basis of the its-1 region phylogenetic tree, S. lari was most closely related to S. calchasi, S. wobeseri, S. columbae olias, olias, lierz, Mehlhorn et grubber, 2010, S. corvusi Prakas, Kutkienė, Butkauskas, sruoga et Žalakevičius, 2013, S. cornixi Kutkienė, Prakas, sruoga et Butkauskas, 2009 and S. turdusi, all parasitizing birds (Fig. 3) . interestingly, these species were phylogenetically close to Sarcocystis spp. forming sarcocysts in predatory mammals. in the phylogram of its-1 sequences, other Sarcocystis species, whose intermediate hosts are birds, grouped with S. neurona.
t y p e a n d i n t e r m e d i a t e h o s t : Larus marinus (linnaeus) (charadriiformes: laridae). D e f i n i t i v e h o s t : Unknown. t y p e l o c a l i t y : Šilutė district (near the Baltic sea), west-
ern lithuania (55°18'38''N; 21°22'55''E). g e n B a n k a c c e s s i o n n u m b e r s : JQ733508 (18s rrNA gene), JQ733509 (28s rrNA gene), JQ733510 (its-1 region). s p e c i m e n s d e p o s i t e d : tEM material and DNA samples are deposited at the institute of Ecology, Nature research centre, Vilnius, lithuania; not accessioned. E t y m o l o g y : species name is derived from the genitive of the generic name of type host.
DIsCUssION
cyst morphology is one of the main criteria for characterizing a new Sarcocystis species or for identifying the already known species (Dubey et al. 1989) . Morphological parameters are usually described using a light microscope, which may be connected to a computerized image analysis system, transmission electron microscope (tEM) and scanning electron microscope (sEM). Each of these devices used alone does not give a full picture of the morphology of the sarcocysts analysed. thus far morphological data obtained mainly by light microscopy and tEM have been used to describe new Sarcocystis species. However, a full view of the cyst surface, which is a very important feature for the characterization of the morphology of the cyst, is not obtained using light microscopy or the tEM analysis. sEM, with the help of which the full view of the cyst surface is obtained, can be partly replaced with light microscopy with the computerised image analysis system. in this case, when changing lightening and optical levels in different ways, the structure of the cyst wall becomes much better visible than when using light microscopy alone. Dubey and odening (2001) categorized sarcocyst walls into 37 types, which is significant for diagnostics of the species. Morphology of all cyst wall types has been described using tEM. Moreover, it was stated that the same cyst wall type can be detected in Sarcocystis species parasitizing different taxonomic groups of animals. the most primitive cyst wall type-1 is characterized as 'the basic type in which the cyst wall is devoid of any villar protrusions; its surface is provided with arranged small invaginations and can be undulated (S. muris (railliet, 1886) labbé, 1899) (Dubey et al. 1989) . the view of the cyst wall obtained by tEM does not make it possible to understand why the cyst wall of this type seems wavy.
in the present work and in our earlier investigations (Kutkienė et al. 2010 , Prakas et al. 2011a , 2013 , using the computerized image analysis system we discovered that cysts of Sarcocystis with cyst wall type-1 had knolls on the wall surface, which resembled protrusions. they are also clearly visible on the cyst wall surface of S. lari, because most of the cystozoites are spilled out from the cut of the cyst made during observation. therefore, cystozoites do not form a dark background and do not prevent viewing the cyst wall surface (Fig. 1c) . Knolls are not resistant to a mechanical effect, i.e. when coverslip is pressed strongly they become more flattened. Undulations of the cyst wall in electron micrographs depend on the place where a cyst is cut; the cyst wall seems almost smooth if the cyst is cut between the knolls. Hence, it can be concluded that the surface of the cyst wall type-1 discovered in birds is not smooth but has clearly vis- ible knolls, which resemble protrusions. it is very likely that cysts with cyst wall type-1 found in other taxonomic groups of animals have similar formations on the wall surface.
in this work the morphological parameters of the cyst of the newly described S. lari from the great black-backed gull obtained by light microscopy were similar to those of sarcocysts discovered in the california gull (Drouin and Mahrt 1980) , the black-headed gull and the mew gull (Pak and Eshtokina 1984) . Unfortunately, ultrastructural studies of sarcocysts isolated from the mentioned birds were not carried out; therefore, a more detailed comparison of these species is impossible. When studied under a light microscope, S. wobeseri-like sarcosporidia from the herring gull (Prakas et al. 2011a ) and S. lari did not differ from each other in taxonomically important morphological characteristics. sequences of the 18s rrNA and 28s rrNA gene and its-1 region of S. wobeseri-like coccidia did not differ significantly from those of S. wobeseri, whereas differ significantly from those of S. lari.
cyst wall type-1 has been found in the following species of Sarcocystis parasitizing birds: S. corvusi from the Eurasian jackdaw, Corvus monedula (linnaeus), S. wobeseri from the barnacle goose, Branta leucopsis (Bechstein), and Sarcocystis sp. from the common goldeneye, Bucephala clangula (linnaeus) (Kutkienė et al. 2008 , 2010 , Prakas et al. 2013 . According to the published electron micrographs, the same cyst wall type-1 is present also in S. calchasi from the rock dove, Columba livia f. domestica (gmelin), S. columbae from the common woodpigeon, Columba palumbus (linnaeus), and Sarcocystis spp. from the white-rumped swift, Apus caffer (lichtenstein), black-crowned night-heron, Nycticorax nycticorax (linnaeus) and snow goose, Anser caerulescens caerulescens (linnaeus) (Kaiser and Markus 1983 , olias et al. 2010b ,c, Wobeser et al. 1981 . thus, the same morphological cyst wall type is found not only in larids but also in unrelated species of birds. Sarcocystis calchasi, S. columbae, S. corvusi and S. wobeseri were identified mainly on the basis of DNA sequences (Kutkienė et al. 2010 , olias et al. 2010a ,c, Prakas et al. 2013 . it should be noted that molecular data inferred from the 18s rrNA and 28s rrNA gene sequences were insufficient to separate these phylogenetically closely related and evolutionary relatively young Sarcocystis species from birds. therefore, the more rapidly evolving its-1 region was used to distinguish these species (Prakas et al. 2013) .
the scenario of co-evolution of Sarcocystis spp. forming sarcocysts in mammals, reptiles and birds with their final hosts rather than with the intermediate ones was already suggested in earlier phylogenetic studies (Jeffries et al. 1997 , Doležel et al. 1999 , Prakas et al. 2011b . the results of the present work support this assumption. it should be noted, however, that definitive hosts are not known for all Sarcocystis species that have been included in phylogenetic analyses. in the phylogenetic tree based on concatenated sequences of the 18s rrNA and 28s rrNA genes, S. lari appears inside the clade D (Fig. 2) together with Sarcocystis species whose definitive hosts are birds. in the phylogram based on its-1 sequences, S. lari forms a clade with six Sarcocystis spp. from birds. sarcocysts of S. lari have a type-1 tissue cyst wall, similarly as those of S. calchasi, S. columbae, S. corvusi and S. wobeseri. However, according to the phylogram inferred from its-1 sequences, S. calchasi, S. columbae, S. corvusi and S. wobeseri were more closely related to S. cornixi and S. turdusi than to S. lari.
this pattern of phylogenetic relationship might be explained by the characteristics of life cycles of the species compared. Definitive hosts of S. calchasi, S. columbae and S. turdusi are most likely predatory birds of the genus Fig. 3 . the phylogram of species of genus Sarcocystis based on sequences of its-1 region. the tree was constructed using the Bayesian methods, rooted on Sarcocystis tarandi and scaled according to the branch length. the numbers in the figure indicate the posterior probability support values.
